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Field of til p Invention 

The present .nvenfon relates to a semieonductor jttnction profile and nnethod for the 

production thereof. 

nnrkffroun^ tnvention 

The importance of te^nattng eo.eet,y the ed.e surface region of a senatcondt-Cor 
junction intended for operation in the reverse hias ntode ,s w=„ .nown. A vartety o 
advantageons surface profdes are descrtbed ,n the literature. The genera, ohjeCve of 
hcse profiles is to control the electric field a. the surface to he less than the ntax.nru,n 
lue reached at sonte po,n. in the hu. of the se.tconductor materral. Conset,uentl. 
the lin,it,ng field atwhich avalanche hteaMown occurs is then reached first ,n U^ehul. 
Lterta, where ,t can he safely acconrntodated. The part.cular type of advantageous 
.emrinatton to which the present tnvention relates ,s co.ntonly Unown as t,«sh fi^w 
negattve hevef A reeita^on of its part.cular advantages ntay be found ,n U .^ 
olsn ReaU.a,U..- by Paul Taylor, lohn Wiley * Sons Ud. England, , .87. 
(See ''2.2.4.2 Mechanical bevelling", pp 41-45). 

The shallow tregat.ve beve, techn,,uc ,s often apphed to one junction of a device while 
applying a positive bevel to a junction on the oppostte face. Thts is a very su.tab e 
ILLn for devrccs cons,st,ng of a sdtcon shoe soldered to a haC.ng p ate o a 
refractory ntctal, e.g. tungsten or ntolyhdenunt. the positive beve, bcng apphed t 
face so,dered to t,re backittg p,ate. However, it is becoming comnton to eons., t 
,iev,ces w,th a fioa.tng shoe oC sem.condue.or ntater.a,, i.e. the s„cc ,s no. so, ercd to 
a baclcing plate. Tn such cases ,t ,s desirable to apply the shallow bevel to both laces 1 
ht ce The result ,s a shoe that tapers off ,n th,c.ness a. the edge eaus.ng th.s to 
heeonrethe.nostfrag,,epar.oftbes,,cewhi,eatthesanrefin,ebei„g-hen„ 

.„ poss,b,e damage from the stresses of handling. Most bevelhng -"»>d-en also o 
prodttce a sharp comer at the edge wh.ch ,s part.cularly suscepttble to ch.pp.ng. The 
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stress limitations imposed by the fragility of the structure are an undesirable restrictive 
factor to be considered when working the semiconductor material to produce the desired 
form. 

5 As pnor art there may also be mentioned: GB-A-1 068 199; EP-A-0 396 326; FR-A-2 
468 207; andUS-A-4 680 615. 

tjiiminarv of tb p Tnvention 

10 According to the present invention from one aspect, there is provided a planar slice of 
semiconductor substrate material of first a conductivity type provided at one face with 
a first region of a second conductivity type having a higher dopant concentration than 
that of the substrate and at the opposite face a second region of said second conductivity 
type having a higher dopant concentration than that of the substrate, wherein each of 
15 said faces has had removed from part of it by abrasion a depth of material which 
increases gradually as the outer edge is approached so that the junction between each 
of said regions and the subsfrate is exposed along a path following the shape of the 
penmeter of the slice but so that the removal of material ceases at a distance outwardly 
beyond the exposure of the junction to leave a nm of the original planar faces of the 
20 slice at its perimeter. 

According to the present invention from another aspect, there is provided a method of 
producing a semiconductor junction profile, comprising providing a planar slice of 
semiconductor substrate material of a first conductivity type provided at one face with 
25 a first region of a second conductivity type having a higher dopant concenfration than 
that of the substrate and at the opposite face a second region of said second conductivity 
type having a higher dopant concentration than that of the substrate, the method 
composing removing from part of each of said faces by abrasion a depth of material 
which increases gradually as the outer edge is approached so that the junction between 
30 eachofsaidregionsandthesubstrateisexposedalongapathfollowingtheshapeofthe 

perimeter of the slice but so that the removal of matenal ceases at a distance outwardly 
beyond the exposure of the junction to leave a rim of the original planar faces of the 
slice at its perimeter. 



-3- 

The slice may be a disc and the material of the shce may be siUcon. 
The edge of the slice may be rounded in section. 

5 said firs, and second regions of said second conductivity type may be formed by the 
diffusion of a dopant of said second conductivity type into the faces of the substrate so 
as ,0 over-dope the original first conductivity type and form a junction therewtth at a 

predetermined depth. 

,0 said first and second regtons of said second conductivity type may e.tend around the 
outer edge of the slice to form a surface region wMch is broken only where each of sa,d 

junctions is exposed. 

The gradual tncrease indepth of the removal of material may consrintte an angle of less 
, 5 than r relative to the plane of the junction thereby exposed, for example tn the range 

from 2*^ to 5°, such as about 3^ 

The substrate matenal may be of n-.ype conductivtty and the surface regions of p-type 

conductivity. 

Tl,epresent,nventionalsocompnsesasliceaccord>ng.otheinvenfionwiththeadd,t,on 
of farther semiconductor regions and ohm.cally connected electrodes so as to form an 

operable electrical device. 

25 RriPf nescrif*'"" '^f*^^ Drawings 

The present invention w,ll now be described, by way of example, with reference to the 

accompanying drawings, in which:- 



30 



Figure 1 shows m transverse section, the outer part of a floaung silicon shoe w,th two 
opposed semiconductor juncttons terminated near the edge with a shallow negat.ve 

bevel according to the prior art; 
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F,gure 2 shows a sWlar sHce bu. with .he form of outer edge adapted accordtag to an 
example of the invention; and 

• c ftu^r., itpr edae nrovidine further advantage over 
Figure 3 shows an alternative form of the outer ed^e proviu g 

the form of Figure 2. 

np^rri ption of Pr pfprred Embodiments 

Firll; refe,r,ng to Figure U there is represented a slice . of silicon consisting of titree 
„g.ons A central substrate region 2 of high resistivity n-type silicon ,s sandwtche 
between two outer surface regtons 3a. 3b each of lower resistivty p-type matenal. 
Typtcally. the surface regions 3^ 3b will have been fomred by in-ditfus,on of a p-type 
dopant as is we,, taown ,n the art, resulting in a gaussian or conrplenrentary ^or 
..nctton concentration profile ex.end.ng inwards of *e surface to thejuncfon w,th th 
s„bstra,eregion2.1tisagenera,rulefor.heoptin,,sationoftheshaUownesat^^^^^^^^^ 

technmue that the d.ffused-in concentratton profile should be well graded rather th^ 
abrupt. The li„esbetween.heou.erreg,ons3a.3bandthecentralregion2represen the 

respective senriconduCcr Junctions 4a, 4b. It can be seen that the thrn^estpar. o he 
Slice , is the part beyond the entergence at the beve„ed surfaces Sa, 5b of the^unct, 

4a 4b space charge regrons 6a, 6b budd up around whichever of the resp^t.e 

regions 6a, 6b may overlap in the planar par. of the shoe, but for clarity they a. shown 
,ere as .hey would behave a. a modera.e reverse bias for each junCon. In .he plan r 
par. of the shoe these space charge regions extend mainly tnto the htgh res.sttv, y 
„bstratereg.o„2ofthes,hcondtsc.lncontrast,ateachotbeve,,edstuaces5aa^^^^ 

.he space charge regton is cons.ra,ned by the effect of the bevel angle 7, typ.cally abotU 
3- .0 ex.end ins.ead mainly tn.o .he respec.ive diffirsed surface region 3a or 3b. A 
raLge of beve, angles m .he range from 2" .o T may be employed, smaller angles 
, producmg .eater penetrahon of the space charge mto *e p-.ype ^'^'^-^-^^^^ 
being correspondingly appropnaie .0 higher vol.age des.gns. The effec. of the space 
Charge at eachsurfaceextendingin.o.hep..ypesurfacereg,on3aor3b,ra.her*anm» 

Ure substrate regton 2, is that the edge part 2e of the subs.ra.e region lying beyond the 
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extent of either of space charge regions 6a, 6b is never depleted of earners and 
correspondingly remains always conductive. 1. is therefore never required to support 
an electnc field but itspotential is effectively tted to that otwhichever junctron has zero 
or forward bias. It follows that the exact shape of the slice in the reg.on 2e rs of no 
electrical consequence although, of course, it has a time varying potential and must be 
insulated. 

Turning now to Figure 2, wherem numerals previously used in Figure 1 retain the same 
meanin. there is shown a slice (at least 100mm in diameter) similar in all respects to 
Figure lexcept for the cessation of bevelled surfaces 15a, 15b before reaching the rrm 
, 1 of the slice 1 which thereby retains tts original thickness. It can be seen that the 
extent of the space charge regions 6a, 6b associated with the respective junctions 4a, 4b 
,s unaffected by the presence of the rim of lull thickness silicon even though this now 
includes outer parts 13a. 13b of the difhsed surface regions 3a, 3b that were ren^oved 
in the formafon of the prior a« shape shown in Figure 1 . The advantages secured by 
the structure of Figure 2 will now be described. 

The normal method of formmg the shape of Figure 1 ,s carefully and gently to abrade 
the silicon surface using a tool of complementary profile. Typically, this m.ght be a 
section of a spherical bowl of accurately defined curvature so that the angle of the bevel 
where it exposes the iunction 4. or 4h is at the desired value. The sine of the angle 
produced in this way is equal to the ratio of the radius R of the exposure hne of the 
.unction 4a or 4b to the radius of curvature of the bowl. The bowl may contain an 
abrasive slurry or its surface may be impregnated with an abrasive material, e.g. 
diamond Of course there are other ways (grindmg, sand-blasting) of abrading the 
surface to produce the same or a similar effect. However, the amount of reactive force 
that can safely be apphed in the abrading procedure is limited by a combination of the 
mechanical strength of silicon and the extent to which Its opposite face ,s effectively 
supported. Thus for forming the bevel angle otthe surface 5a, surface 5b having not yet 
been shaped, the slice may be supported over the whole of the origmal opposite surface 
of region 3b or a. least part of it facing the area of abrasion of surface 5a. This is not a 
diffiluh task as the face requiring support is, at this stage, flat. Effectively supporting 
the second face to be bevelled, the first face already having been shaped, poses a greater 
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,„.,e. as .he shape oHhe «rs. forced >.ve, requires to he --'-^^'^ 

micro-scratch. 

B,„a.cfco„»as.,.nadevicehe,„.™ade.o.hero™showni„F,gu.e2..heheve,|ea 
sic 15a is ^ou„d .o shape us.„g an ahraswe whee, wh„e supporting .he s..h fla 
e Of «.e!ppos..e s.de. The process leaves .he o„.e. rin. 11 wUh ongn,al 
:::ess.ThesI.s„o„h^edove.ana.eope.a.lon.pea.edon.hesec^^^^^^^^ 

while supporting .he firs, face on each side of .he area .o be ground away, ..e^rnwardly 
r::s:cen.rLndou.ardlya..hen.. Theareaof.hesil.conheingwor. on^ 

„„won.y.ohrldgehe.ee„.oareasofsupportr^,.i.in.^^^^^ 
.ensile stresses in .he surface area bemg abraded. The s.ress m 
thus more easily contained within safe limiu. 

Referting now to F.gure 3. there is shown the outer edge region of a slice prepared 
ly as ,n Prgure 2. Numerals used previously agarn have the same meanm g. 
lures i and 2. The sil.con sUc. has Us outer edge surface 22 rounded so ha. 
e'ra arpcornersareavorded. TheedgemayberoundedmUreongrualshcebef^ 

: Tveral plsstng s.ages resuUing in the cuter parts of the diflirsed sur ace regr 
a Ub berng joined by a continuatron around the edge of the slice as shown ,n the 
:re,or,tm'ayheground.oshapeshortlybefore.hebeve.hngstep.Thea„ 

pr:vided by the edge round.ng, as ,s well ^own in the art. rs a much enhan 
s,s.»ce.Lecha„.caldamagesuchasch,ppi„g.Th,snoton,yprotec..^^^^^^^^^^^ 

bu.alsoavoidsthegenerationofspUntersofsilicouwh,charede.nmen., h^^^^^^^^^^ 
,eanlinessof.heworKenviromneu,.Thepreserva.ionofthenmtK,c,o,essm,he v^ 

,„.,hod drsclosed serves also to preserve the shape of the edge round „g wh.ch f 
:pphedto.hepriorarttechn„ue,„ouldbepart,allyremovedby.hebevelex.end,ng.o 

the edge of the slice and .hereby become less eftecttve. 

w,U be appreciated .ha. .he embod.men.s descrrbe .hose features essenttal to the 
vo:agebloclgab.,..y«,ica,ofa.hyns.ororga.entrn-offdev.cewi,hout^^^^^ 
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additional emitter junctions. The invention is applicable generally to semiconductor 
devices of the floating type requiring two opposed blocking junctions as will be 
apparent to those skilled in the art, and is especially useful for slices at least 100mm m 

diameter. 
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